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FORWARD  
OPERATIONS AND MAINTENANCE MANUAL 

 
There are very few moving parts on the fixed fire suppression systems (FFSS) 
for the EJMT project.  It is only the parts that move that require exercise and 
maintenance.  For example we recommend every valve be opened and closed 
annually to ensure operation and to exercise the mechanism.  This applies to 
all isolation valves, control valves, and solenoid valves. 
 
The fire pump requires the most exercise with a recommended 10 minutes of 
operation monthly.  While the pump is running is a good time to check the 
valves which are labeled to ensure they are in their normal positions. While 
the pump is running listen for strange sound that could indicate a problem, 
 
By far the most important maintenance of the system is ensuring the water 
does not freeze within the system piping and valves. During the colder months, 
which is most of the year care should be taken to keep the warm water 
circulating and insulated.  If the pipe insulation becomes damaged, it should 
be repaired immediately.  The doors for the insulated valve enclosures should 
remain in the closed position and the integrity of the enclosure should be 
maintained. 
 
Before temperatures drop below 40° the closed loop system shall be 
circulating warm water.  The warm water is required to ensure the smaller 
pipe within the valve enclosures do not freeze. 
 
Inspections and testing are a very important portion of maintaining the life 
safety system but this information is found within the commissioning plan. 
 
In summary, become familiar with how the system operates and the rest of 
this manual to ensure when the time comes the system functions as intended. 
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EJMT SYSTEMS NARRATIVE 
 

 
 
THE FIXED FIRE SUPPRESSION SYSTEM (FFSS) IS SUPPLIED BY THE EXISTING WATER 
STORAGE TANK FED FROM STRAIGHT CREEK, NORTH OF THE WEST PORTAL. A NEW 
10-IN UNDERGROUND PIPE WILL BE INSTALLED FROM THE EXISTING TANK TO WITHIN 
CLOSE PROXIMITY OF THE PORTAL WHERE THE EXISTING 8-IN DOMESTIC AND 
STANDPIPE IS SUPPLIED. THE LINE WILL TEE INTO THE EXISTING AT THIS POINT AND 
REDUCE DOWN TO 8-IN TO SUPPLY THE NEW 1,250 GPM ELECTRIC FIRE PUMP 
LOCATED IN THE WEST VENTILATION BUILDING. 
 
THE WATER SUPPLY TO THE FIRE PUMP WAS HYDRAULICALLY CALCULATED. THIS 
CALCULATION ASSUMES THE WORST CASE SCENARIO WITH THE TANK EMPTY. THE 
ADDITIONAL 5 PSI STATIC PRESSURE AVAILABLE WHEN THE TANK IS FULL WAS NOT 
UTILIZED. THE ADJUSTED WATER SUPPLY TO THE FIRE PUMP SUCTION FLANGE IS 
56.9 PSI STATIC PRESSURE WITH 49.6 PSI AT 1,250 GPM.   THIS ADJUSTMENT 
INCLUDES THE ADDITIONAL 500 GPM HOSE ALLOWANCE FOR THE EXISTING 
STANDPIPE SYSTEM. THE TOTAL FLOW FOR THIS CALCULATION IS 1,750 GPM. 
 
THE 115 PSI @ 1,250 GPM FIRE PUMP IS SIZED TO PROVIDE THE REQUIRED 
PRESSURE AND FLOW FOR ANY TWO DELUGE SYSTEMS FLOWING AT THE SAME 
TIME.  THE MOST DEMANDING SYSTEM IS THE EISENHOWER 3 NOZZLE SYSTEM WITH 
A FLOW OF 1,264.7 GPM. ALL DELUGE SYSTEM HYDRAULIC CALCULATIONS PROVIDE 
AT LEAST A 10% PRESSURE SAFETY FACTOR TO ALLOW FOR MINOR INSTALLATION 
CHANGES. 
 
THE FIRE PUMP ASSEMBLY WILL BE PROVIDED WITH BOTH A FLOW METER AND A 
TEST HEADER. THE FLOW METER ALLOWS TESTING THE PERFORMANCE OF THE FIRE 
PUMP BY FLOWING WATER BACK TO THE PUMP SUCTION. THE TEST HEADER IS 
REQUIRED FOR THE ACCEPTANCE TEST AND TO VERIFY THE WATER SUPPLY FROM 
THE TANK EVERY 5 YEARS. THE FLOW METER CAN BE USED 4 OUT OF 5 YEARS WITH 
THE BENEFIT OF NOT FLOWING AND WASTING WATER OUTSIDE THE BUILDING FROM 
THE TEST HEADER.   
 
A NEW WALL HYDRANT WILL BE PROVIDED CLOSE TO A NEW FIRE DEPARTMENT 
CONNECTION (FDC) AT THE NORTHWEST CORNER OF THE WEST VENTILATION 
BUILDING. THE WALL HYDRANT CAN SUPPLY A FIRE PUMPER TRUCK THAT CAN 
SUPPLEMENT THE WATER PRESSURE WITHIN THE FFSS THROUGH THE FDC. THE 
WALL HYDRANT WILL ALSO SERVE AS THE PUMP TEST HEADER WHEN REQUIRED. AN 
FDC WILL NOT BE PROVIDED AT THE EAST VENTILATION BUILDING BECAUSE THERE 
IS NO WATER SUPPLY FROM WHICH A PUMP TRUCK COULD DRAW TO SUPPLY 
ADDITIONAL WATER TO THE FFSS.  JUST TO CLARIFY, A FIRE PUMPER TRUCK IS NOT 
REQUIRED FOR THE OPERATION OF THE SYSTEM BUT A RESPONDING FIRE 
DEPARTMENT COULD ASSIST IN THE EVENT OF A FIRE BY SUPPLEMENTING OR 
REPLACING THE FIRE PUMP. 
 
DURING WINTER MONTHS A WATER TRUCK MAY NOT BE ABLE TO ACCESS THE 
WATER TANK FOR RE-SUPPLY.  AN ARRANGEMENT OF VALVES WITH A BYPASS THAT 
IS NORMALLY CLOSED WILL BE PROVIDED TO ALLOW A WATER TRUCK LOCATED 
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BE PROVIDED WITH 1-½-IN FIBERGLASS INSULATION WITH A K-VALUE OF 0.23.  
ADDITIONALLY, RIGID 1-½-IN INSULATED PIPE SUPPORTS WILL BE PROVIDED FOR ALL 
HANGERS AND SUPPORTS. 
 
THE VALVE ASSEMBLY FOR EACH DELUGE SYSTEM WILL BE INSIDE AN AIR TIGHT IVE. 
THE IVE’S ARE PROVIDED WITH 3-IN RIGID INSULATION WITH AN R-VALUE OF 18. THE 
IVE’S WILL HAVE AN ACCESS DOOR ALLOWING FOR EASE OF INSPECTION, TESTING, 
AND MAINTENANCE. 
  
THE 6-IN. LOOP PIPING AND ITS SUPPLY WILL BE SEISMICALLY BRACED. 
CALCULATIONS ARE PROVIDED WITHIN THE DRAWINGS FOR THE MOST DEMANDING 
LONGITUDINAL AND LATERAL BRACE REQUIREMENTS. LONGITUDINAL BRACES WILL 
BE PROVIDED AT 100 FT. MAXIMUM DISTANCES WITHIN THE SUPPLY PLENUM AND 
WILL BE LOCATED AS CLOSE AS POSSIBLE TO THE VALVE ASSEMBLIES. EACH OF THE 
CUSTOM BRACKETS AND TRAPEZE SUPPORTS WITHIN THE PLENUM SERVE AS 
LATERAL BRACES AT 12.5 FT. MAXIMUM ON CENTER. THE LOOP AND SUPPLY PIPING 
WITHIN THE PORTALS WILL BE BRACED BY STANDARD METHODS WITH 
LONGITUDINAL BRACES AT 80 FT. MAXIMUM AND LATERAL BRACES AT 40 FT. 
MAXIMUM AND LOCATED WITHIN 1 FT. IN A CHANGE OF DIRECTION. ALL RISERS OR 
VERTICAL PIPING WILL BE PROVIDED WITH FOUR-WAY BRACING IN ACCORDANCE 
WITH NFPA-13. 
 
A 4-IN. PRESSURE RELIEF VALVE WILL BE PROVIDED AT THE SOUTHEAST 
VENTILATION BUILDING TO PROVIDE PROTECTION OF SYSTEM COMPONENTS FROM 
THE POTENTIAL OF WATER HAMMERS THAT MAY OCCUR.  WATER HAMMER IS USED 
TO DESCRIBE A PRESSURE SURGE THAT IS CAUSED WHEN A FLUID IS FORCED TO 
STOP OR CHANGE DIRECTION SUDDENLY.  THE POTENTIAL FOR WATER HAMMER 
EXIST WHEN A DELUGE VALVE IS CLOSED. 
 
EACH TUNNEL, AND THEIR RESPECTIVE AIR PLENUMS, CURVE NORTH AND SOUTH 
THROUGH THE MOUNTAIN AND CHANGE IN ELEVATION INCREASING FROM EAST TO 
WEST. THE CURVATURE OF THE TUNNELS OCCURS SLIGHTLY OVER A LARGE 
DISTANCE MAKING THE INSTALLATION OF ADDITIONAL FITTINGS AND SWING JOINTS 
UNNECESSARY. THE DEFLECTION IS MINIMAL BUT MUST BE ADDRESSED.  
 
IN ADDITION, THE AIR PLENUMS ARE SUBJECT TO FREEZING TEMPERATURES IN THE 
WINTER MONTHS. TO PREVENT THE WATER IN THE PIPE FROM FREEZING, HOT 
WATER STARTING AT 100°F WITH A MAXIMUM DESIGN BOILER TEMPERATURE OF 
130°F, WILL BE CIRCULATED THROUGH THE 6-IN. MAIN SUPPLY LOOP. MAIN PIPING 
WILL BE INSTALLED WHEN TEMPERATURES HAVE THE POTENTIAL TO BE -30°F. THE 
WORST CASE TEMPERATURE CHANGE WAS CALCULATED TO BE FROM -30°F TO 
130°F. DUE TO DRASTIC CHANGES IN TEMPERATURE, THE 6-IN. PIPE WILL EXPAND 
AND CONTRACT. WHEN THE PIPE IS TO BE INSTALLED DURING THE COLD WEATHER 
SEASONS OR WHEN COLD WATER FROM THE STORAGE TANK IS INTRODUCED INTO 
THE PIPE DURING A FIRE OR TESTING SITUATION, THE STEEL PIPE WILL SHRINK. 
WHEN THE HOT WATER IS CIRCULATED THROUGH THE PIPE, THE STEEL PIPE WILL 
EXPAND. THE EXPANSION FROM THE CHANGE IN TEMPERATURE WILL CAUSE A 
PARALLEL DEFLECTION THAT IS ADDRESSED IN THIS DESIGN.  
 
TO ACCOMMODATE CHANGES IN THE PIPE LENGTH AND DIRECTION, EXPANSION AND 
DEFLECTION WILL BE ADDRESSED CONTINUALLY FOR EVERY STICK OF PIPE ALONG 
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THE ENTIRE LENGTH OF THE TUNNEL BY USING VICTAULIC STYLE 75 FLEXIBLE 
COUPLINGS AND VICTAULIC STYLE 155 EXPANSION JOINT 6-IN. NIPPLES. THROUGH 
PRODUCT DATA AS WELL AS EXPANSION AND DEFLECTION CALCULATIONS FOR A 25 
FT. SECTION OF PIPE, A SOLUTION WAS DETERMINED TO PROVIDE EXPANSION 
JOINTS TO ACCOMMODATE THE EXPANSION AND DEFLECTION WITHIN EACH 25 FT. 
SECTION OF PIPE.  
 
EXPANSION JOINTS SHALL BE INSTALLED AT EACH END OF PIPE APPROXIMATELY 
EVERY 25 FT. AN EXPANSION JOINT WILL CONSIST OF (2) STYLE 75 COUPLINGS WITH 
(1) STYLE 155 6-IN. SCHEDULE 40 NIPPLE, 4 INCHES IN LENGTH BETWEEN THE 
COUPLINGS. EACH EXPANSION JOINT WILL BE INSTALLED IN COLD WEATHER 
CONDITIONS, THUS EACH COUPLING SHALL BE INSTALLED TO SEPARATE THE TWO 
ENDS OF THE PIPE TO ALLOW FOR MAXIMUM POSSIBLE SEPARATION. WHEN THE 
PIPE EXPANDS DUE TO HOT WATER, THERE WILL BE ZERO DEFLECTION BETWEEN 
EACH PIECE OF PIPE. THE EXPANSION JOINT WILL PROVIDE 0.346-IN. OF EXPANSION 
WHICH EXCEEDS THE REQUIRED THERMAL EXPANSION LENGTH OF 0.3216-IN. 
 
WHEN ANGULAR DEFLECTION IS REQUIRED, AN ADDITIONAL COUPLING AND NIPPLE 
SHALL BE ADDED TO ACCOMMODATE THE ANGULAR DEFLECTION BETWEEN THE 
COUPLINGS THAT ARE PROVIDED FOR THE EXPANSION JOINT. THIS COUPLING WILL 
NOT BE ABLE TO DEFLECT IN THE PARALLEL DIRECTION AND WILL NOT BE USED AS 
AN EXPANSION COUPLING.  
 
IN ADDITION, TWO BRACKETS SHALL BE PROVIDED FOR EACH 25 FT. LENGTH OF 
PIPE. THE WEST BRACKET SHALL BE BRACED TO ALLOW FOR ZERO DEFLECTION AND 
THE EAST BRACKET SHALL BE INSTALLED UNBRACED TO ALLOW FOR DEFLECTION 
BETWEEN EACH 25 FT. STICK OF PIPE. LONGITUDINAL BRACE SHALL BE INSTALLED 
WITH THE BRACED SUPPORT EVERY 100 FT. TO LIMIT MOVEMENT AT THE DELUGE 
VALVE ASSEMBLIES.  
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MAINTENANCE PLAN 
 
There are very few moving parts on the fixed fire suppression systems (FFSS) 
for the EJMT project.  It is only the parts that move that require exercise and 
maintenance.  For example we recommend every valve be opened and closed 
annually to ensure operation and to exercise the mechanism.  This applies to 
all isolation valves, control valves, and solenoid valves. This maintenance will 
occur when the systems are tested. 
 
The fire pump requires the most exercise with a recommended 10 minutes of 
operation monthly.  While the pump is running, this is a good time to inspect 
the valves which are labeled to ensure they are in their normal positions. 
While the pump is running listen for strange sound that could indicate a 
problem, 
 
By far the most important maintenance of the system is ensuring the water 
does not freeze within the system piping and valves. During the colder months, 
which is most of the year care should be taken to keep the warm water 
circulating and insulated.  If the pipe insulation becomes damaged, it should 
be repaired immediately.  The doors for the insulated valve enclosures should 
remain in the closed position so the integrity of the heated enclosure is 
maintained. 
 
Before temperatures drop below 40° the closed loop system shall be 
circulating warm water.  The warm water is required to ensure the smaller 
pipe within the valve enclosures do not freeze. 
 
We recommend CDOT walk the supply plenum’s weekly visually observing 
water coming into the plenum that can form ice on the life safety system. 
 
Inspections and testing is a very important portion of maintaining the life 
safety system.  This information can be found within the commissioning plan. 
 
In summary, please become familiar with how the system operates.  With 
proper inspections, testing, and maintenance the life safety systems will 
function as intended. 
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www.BETE.com

N

N Flow Rates and Dimensions 
Full Cone, Medium 90° and Wide 120° (W) Spray Angles, 1/2" to 1 1/2" Pipe Sizes 

Approx. (in.) Approximate 

Male GALLONS PER MINUTE @ PSI Free Dimensions Wt. 
Pipe Nozzle  K 10 20 30 40 60 80 100 200 400 Orifice Pass. (inches) (oz.) 
Size Number Factor PSI PSI PSI PSI PSI PSI PSI PSI PSI Dia. Dia. A B Metal 

1/2 

N1 0.949 3.00 4.24 5.20 6.00 7.35 8.49 9.49 13.4 19.0 0.19 0.13 

2.50 0.88 3.00 

N2 1.68 5.30 7.50 9.18 10.6 13.0 15.0 16.8 23.7 33.5 0.25 0.13 

N3 2.61 8.25 11.7 14.3 16.5 20.2 23.3 26.1 36.9 52.2 0.31 0.13 

N4 3.81 12.1 17.0 20.9 24.1 29.5 34.1 38.1 53.9 76.2 0.38 0.19 

N5 5.22 16.5 23.3 28.6 33.0 40.4 46.7 52.2 73.8 104 0.43 0.19 

N6 6.64 21.0 29.7 36.4 42.0 51.4 59.4 66.4 93.9 133 0.50 0.19

1 
N6 6.64 21.0 29.7 36.4 42.0 51.4 59.4 66.4 93.9 133 0.50 0.19 

3.63 1.38 8.50 
N7 10.6 33.5 47.4 58.0 67.0 82.1 94.8 106 150 212 0.63 0.25 

N8 15.0 47.5 67.2 82.3 95.0 116 134 150 212 300 0.75 0.25 

4.38 2.00 27.0 1 1/2 N9 20.4 64.5 91.2 112 129 158 182 204 288 408 0.88 0.31 

N10 26.7 84.5 120 146 169 207 239 267 378 534 1.00 0.31 

Flow   Rate   (GPM)  =  K   �PSIPSI

Standard Materials:  Brass and 316 Stainless Steel.  All 316SS N series covers are 304 Stainless Steel.

Fire Protection
DESIGN FEATURES
• Simplicity of design
• One-piece/no internal parts
• Clog-resistant
• Three standard pipe sizes—1/2”, 1”

and 1-1/2”
• Male connection
• Factory Mutual, U.S. Coast Guard, and

Lloyd's Register approved models

SPRAY CHARACTERISTICS
• Two spray cones: an outer, wide angle

cone and a narrower inner cone  com-
bine to give full cone effect

Spray pattern: Full Cone
Spray angles: 90° and 120° standard
Flow rates: 3.0 to 534 gpm Nozzle with optional

protective cover

N3-N5W: U.S. Coast Guard approved

N6 nozzles protect a propane storage tank
from fire and explosion.

TF24-150° also available in Factory Mutual
approved model (see page 20)

Full Cone 90° Full Cone 120° (W)

Dimensions are approximate.  Check with BETE for critical dimension applications.

Spray angle performance varies with pressure. Contact BETE for specific data on critical applications.

Available in nickel aluminum bronze and titanium, plus other materials on request.

FP - 15

john.hulett
Highlight

john.hulett
Highlight

john.hulett
Highlight

john.hulett
Highlight

john.hulett
Highlight

john.hulett
Text Box
46.24 GPM @ 48.5 PSI FOR DESIGN

john.hulett
Highlight

john.hulett
Cloud

john.hulett
Line

john.hulett
Line

john.hulett
Line

john.hulett
Line



��� ���� �� 	
�	��� �	�
���
�����
�����	����

������
��
������
������
������
���
�����
���
�
���
�����

�
��
�����
	�������
�����������
�����������
�
�	

����
���
��
����
���
	����������
��������
��
��
���
���
�����������
��
����
���
������
��	�

�����
����
��
��������
����
�������������������	�

����
	��

�������	�
����
	�����
�������������������������
��	�����������
���
�������
���������������������������������������������������������

���	������������������������������������������������������
�������	����	��������������������������������������
���������	����	������������������������������� �

	�
�������
���
��!���������������������������������������������������������������
������	����	��������������������������

�����	���������!�"���������������������������������������##
�������	����	��������������������������������$##
�������	����	�������������������������������$##

�����������		
�����
�
��
����������
������
�����������
�����	
������

� �� 


�	���! 
�����!



����!


	
�	���!


����!
���


�������

������!

"�
"
#$% �

 &

�'�




���
#(#($� )




 ! 




 



















�
�(%� (%
*+ ,$���$
--. /

 &
���(�
 

 
�(%
*+
.��
--/

�����

 �
��������!
	���
� '
���������
�����
$�
����
����!
)$��
���
0
)�
���
. �,��
�(���
0
$�%
���/
��
�����
�������!
 $�1
����
	���
)�
���������!
��(��



FP - 16

jgust
Line

jgust
Line

jgust
Text Box
2.1"




����������	
��	
�	����	
���������	�
�
��������������������	��������	

�����������
��	�
�����
������

������������������������
���������������������

 ��

 �


 �	

 ��

 ��

 ��

 


 	

 �

 �

�
 ��  
  	  �  � � � � 	 
 ��

��

��

!����"����#���� ����$��$������%���&�����
FP - 17





Spray angle performance varies with pressure. Contact BETE for specific data on critical applications.
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TF

Approx. (in.) Wt. (oz.)

Male Available GALLONS PER MINUTE @ PSI Free Dim. (in.) for 60° 90°
Pipe Nozzle Spray Angles K 5 10 20 30 40 50 60 80 100 200 400 Orif. Pass. Metal Only* 120°
Size Number 60° 90°120° 150° 170° Factor PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI Dia. Dia. A B C Metal Plas.

1/8
TF6 60° 90° 120° 0.221 0.495 0.70 0.99 1.21 1.40 1.57 1.71 1.98 2.21 3.13 4.43 0.09 0.09 1.69 0.56

1.00 0.20TF8 60° 90° 120° 0.411 0.919 1.30 1.84 2.25 2.60 2.91 3.18 3.68 4.11 5.81 8.22 0.13 0.13

1/4
TF6 60° 90° 120° 0.221 0.495 0.70 0.99 1.21 1.40 1.57 1.71 1.98 2.21 3.13 4.43 0.09 0.09

1.88 0.56 1.25 0.20TF8 60° 90° 120° 0.411 0.919 1.30 1.84 2.25 2.60 2.91 3.18 3.68 4.11 5.81 8.22 0.13 0.13
TF10 60° 90° 120° 0.632 1.41 2.00 2.83 3.46 4.00 4.47 4.90 5.66 6.32 8.94 12.6 0.16 0.13

3/8

TF6 60° 0.221 0.495 0.70 0.99 1.21 1.40 1.57 1.71 1.98 2.21 3.13 4.43 0.09 0.09

1.88 0.69 2.38 1.63 0.25

TF8 60° 0.411 0.919 1.30 1.84 2.25 2.60 2.91 3.18 3.68 4.11 5.81 8.22 0.13 0.13
TF10 60° 0.632 1.41 2.00 2.83 3.46 4.00 4.47 4.90 5.66 6.32 8.94 12.6 0.16 0.13
TF12 60° 90° 120° 150° 170° 0.949 2.12 3.00 4.24 5.20 6.00 6.71 7.35 8.49 9.49 13.4 19.0 0.19 0.13
TF14 60° 90° 120° 150° 170° 1.28 2.86 4.05 5.73 7.01 8.10 9.06 9.92 11.5 12.8 18.1 25.6 0.22 0.13
TF16 60° 90° 120° 150° 170° 1.68 3.75 5.30 7.50 9.18 10.6 11.9 13.0 15.0 16.8 23.7 33.5 0.25 0.13
TF20 60° 90° 120° 150° 170° 2.61 5.83 8.25 11.7 14.3 16.5 18.4 20.2 23.3 26.1 36.9 52.2 0.31 0.13

1/2
TF24 60° 90° 120° 150° 170° 3.81 8.52 12.1 17.0 20.9 24.1 26.9 29.5 34.1 38.1 53.9 76.2 0.38 0.19

2.50 0.88 3.06 3.00 0.50
TF28 60° 90° 120° 150° 170° 5.22 11.7 16.5 23.3 28.6 33.0 36.9 40.4 46.7 52.2 73.8 104 0.44 0.19

3/4 TF32 60° 90° 120° 150° 170° 6.64 14.8 21.0 29.7 36.4 42.0 47.0 51.4 59.4 66.4 93.9 133 0.50 0.19 2.75 1.13 3.50 5.50 0.88

1
TF40 60° 90° 120° 150° 170° 10.6 23.7 33.5 47.4 58.0 67.0 74.9 82.1 94.8 106 150 212 0.63 0.25

3.63 1.38 4.38 8.50 2.50
TF48 60° 90° 120° 150° 170° 15.0 33.6 47.5 67.2 82.3 95.0 106 116 134 150 212 300 0.75 0.25

1 1/2
TF56 60° 90° 120° 150° 170° 20.4 45.6 64.5 91.2 112 129 144 158 182 204 288 408 0.88 0.31

4.38 2.00
5.38

22.0 4.25TF64 60° 90° 120° 150° 170° 26.7 59.7 84.5 120 146 169 189 207 239 267 378 534 1.00 0.31 5.38
TF72 60° 90° 120° 150° 170° 30.4 67.9 96.0 136 166 192 215 235 272 304 429 607 1.13 0.31 5.63

2
TF88 90° 120° 150° 170° 44.3 99.0 140 198 242 280 313 343 396 443 626 885 1.38 0.44 5.63 2.50 5.88 46.0 8.00
TF96 1 90° 120° 150° 170° 55.9 125 177 250 306 354 395 433 500 559 791 1120 1.50 0.44 6.88 2.50 7.00 54.0 9.00

3
TF112 1 90° 120° 81.0 181 256 362 443 512 572 627 724 810 1150 1620 1.75 0.56

8.63 3.50 114 20.0TF128 1 90° 120° 107 239 339 480 588 679 759 831 960 1070 1510 2150 2.00 0.56

4 TF160 1 90° 120° 166 371 525 742 909 1050 1170 1290 1480 1660 2350 3320 2.50 0.63 10.1 4.50 169 27.0

Flow Rate (GPM )  = K �PSI               *Dimensions are for bar stock, cast sizes may vary.  1 Three turn nozzles

Standard Materials:  Brass, 316 Stainless Steel, PVC, Polypropylene, Cobalt Alloy 6, and PTFE  (Poly. not available for TF6 thru TF10).

60°
60°
60°
60°

60°

150° 170°
150° 170°

150° 170°
150° 170°

150° 170° 1.88 0.56 1.88
2.38
2.381.88 0.56

1.69
2.191.69 0.56

90° 120°
90° 120°
90° 120°

**

**60° nozzles slightly longer, consult BETE.

9.25

PTFE not 
recommended
above red line

Metal Only
above 

green line

TF Full Cone Flow Rates and Dimensions
Full Cone, 60° (NN), 90° (FCN or FFCN), 120° (FC or FFC), 150° and 170° Spray Angles, 1/8" to 4" Pipe Sizes

150° 170°
150° 170°

Wide Range of Flows and Angles

Full Cone 90° (FCN) Full Cone 150°/170°   
90°, 120° 150°, 170°

Full Cone 60° (NN)

60°, 90°, 120° Metal

DESIGN FEATURES
• The original spiral nozzle invented by 

BETE and continuously improved!
• High energy efficiency
• One-piece/no internal parts
• Clog-resistant performance
• High discharge velocity
• Male connection standard; female

connection available by special order

SPRAY CHARACTERISTICS
• Wide range of flow rates and spray angles
• Fine atomization
Spray patterns: Full Cone. 
For Hollow Cone, see page 45
Spray angles: 50° to 180°
Flow rates: 0.5 to 3320 gpm
(Higher flow rates available)

Dimensions are approximate.  Check with BETE for critical dimension applications.

www.BETE.com

Available with FM approval: N series (page 102), 1/4" TF8 NN, FCN in brass, 
1/2" TF24-150 in multiple materials
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